•J 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 033 852 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(A1\ 


uaiG oi puDiication. 


ic a\ i a r-Nt 7 U f\/i\ O C /AC 

(51) IntCI. 7 : H04L 25/06 




uo.uv.^uuu qu ilex in ^uuu/oo 


/91 ^ 
l^ 1 J 


A nr\l i^dt i^>o nnmKar' 00^00071 C 

Mppucaiion nurnoBr. 994uu4i i.o 




(22) 


Date of filing: 05.02.1999 




(84) 


Designated Contracting States: 


(72) Inventor: Seven hens, Joannes Mathilda 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Joseph us 




MC NL PT SE 


2930 Brasschaat (BE) 




Designated Extension States: 






AL LT LV MK RO SI 


(74) Representative: Narmon, Gisele 






Industrial Property Department, 


(71) 


Applicant: ALCATEL 


Alcatel Bell N.V., 




75008 Paris (FR) 


Francis Wellesplein 1 






2018 Antwerpen (BE) 



(54) DC offset correction for direct-conversion receiver 



(57) A method and apparatus for removing DC off- 
set from a digital baseband signal value pair included in 
a set of digital baseband signal value pairs is described. 
The digital baseband signal value pairs, when plotted 
on a complex signal space l-Q diagram, lie on a prede- 
termined figure. The I and Q coordinates of the central 



point of this predetermined figure are determined by a 
two-dimensional fitting of this figure through a subset of 
signal value pairs included within said set. These coor- 
dinates of this center point are subsequently subtracted 
from the I and Q coordinates of the digital baseband sig- 
nal. 
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Description 

[0001] The present invention relates to a method as 
described in the preamble of claim 1 , and to an offset 
removing apparatus for performing such a method as is 
described in the preamble of claim 5. 
[0002] Such a method and offset removing apparatus 
are for instance described in the published UK Patent 
Application, publication NR GB 2 267 629. Therein a 
method of processing of a set of digital baseband signal- 
value pairs is described, whereby each pair of the set is 
made up of an inphase signal value and a corresponding 
quadrature signal value such that, if these are plotted 
on an l-Q diagram, the plotted pairs lie on a common 
circle, as is further described in this prior art document. 
The processing consists of averaging the inphase signal 
values of a set to produce an l-direction means value, 
and by performing the same operation on the quadra- 
ture signal value pairs to thereby producing a Q-direc- 
lion means value. Further processing in the prior art doc- 
ument consists of subtracting the thus obtained respec- 
tive average values from the individual inphase, respec- 
tive quadrature, signal values, followed by other fine tun- 
ing steps, as extensively described in the prior art doc- 
ument, thereby aiming at removing the DC offset from 
the digital baseband signal. An arrangement including 
means for performing these processing steps, is as well 
described in this prior art document. 
[0003] This method, as well as other signal averaging 
methods for determining the DC offset, which can be 
found in present literature, is however not always ade- 
quate, especially in case this DC offset can vary sud- 
denly and substantially as a function of the time. A worst 
case situation being such that a first half of the signal- 
value pairs of such a set is subject to a relatively low DC 
offset value, whereas a second half is subject to a very 
high DC offset value or vice-versa. Indeed, in all these 
prior art DC offset cancellation systems, the DC offset 
is determined by performing an averaging operation us- 
ing all samples of a burst incoming digital baseband sig- 
nal value pairs. This burst thus corresponds to the set 
of digital baseband signal value pairs as is described in 
the preamble of the first claim of this document. In GSM 
systems however, due to high-blocking signals self -mix- 
ing, a sudden increase in the DC offset can occur in the 
middle of such a burst. Indeed, these high blocking sig- 
nals originate from random access bursts generated by 
neighbouring terminals. If these are picked up by the an- 
tenna of a GSM burst mode receiver, these may leak to 
the local oscillator input of the mixer. Even though they 
are modulated at a carrier which frequency is laying far 
enough from the normal signal modulation carrier, they 
may become DC offset signals for the normal DC de- 
modulated signals, due to leakage of the antenna of the 
demodulator, and subsequent so-called self-mixing 
within this demodulator circuit during the direct conver- 
sion demodulation of the carrier wave signal. This latter 
process is described in the published European patent 



application, publication number 0 594 894 A1 . The am- 
plitude of these dynamic blocking levels may exceed 
these of the normal signal bursts even with 80 dB, stated 
by the GSM specification 0505. Moreover, these can 

s suddenly appear, the worst case situation being such 
that these signals appear in the middle of a normal sig- 
nal burst, representing the aforementioned worst case 
situation, whereby the set of signal value pairs thus cor- 
responds to a burst of signals received by the receiver. 

w [0004] Averaging methods which aim at determining 
the DC offset in the data signals, by averaging these 
signals over a complete burst, will thus result in a com- 
pletely wrong determined DC offset for this worst case 
situation. Even very sophisticated averaging methods 

15 such as described in the last mentbned European pat- 
ent application and in the published paper "The chal- 
lenges for analogue circuit design in mobile radio VLSI 
chips" , written by Jan Sevenhans and Dirk Rabaey, 
published in Microwave Engineering Europe, May 1 993, 

20 pp. 53-59, may therefore not be future safe enough, 
since the problem of the dynamic blocking level mixing 
DC offset may become worse with the increase in use 
of GSM mobile terminals. Indeed, with a widespread use 
of GSM terminals, the probability of occurrence of these 

2S self-mixing dynamic blocking levels increases consider- 
ably. 

[0005] An object of the present invention is to provide 
a method and an offset removing apparatus of the above 
known type but allowing a dynamic and accurate deter- 
30 mination of the dynamically changing DC offset, in a 
simple way. 

[0006] According to the invention, this object is 
achieved due to the fact that said method further in- 
cludes the steps as described in claim 1 , and in that said 
35 offset removing apparatus is further adapted as de- 
scribed in claim 5. 

[0007] In this way, by considering both the inphase 
and quadrature signal value pairs together as one point 
in the l-Q plane, and by two-dimensionally fitting this 

40 well-known geometrical figure through a subset of 
points in the l-Q plane, such that the center of this geo- 
metrical figure is obtained. Since this center corre- 
sponds to the DC offset, the DC offset can thus exactly 
be determined. In case this operation is repeated on 

45 subsequent ones of such sets or subsets within a com- 
plete burst, a jump in the DC offset can easily be dis- 
covered. By taking the subset such that the minimum 
amount of points, required for fitting the known figure is 
taken, the highest accuracy is obtained since this will 

so reduce the amount of faulty detections. Since this solu- 
tion does not require any feedback loop or a sophisti- 
cated algorithm, a very simple solution is thereby ob- 
tained. 

[0008] Yet a further characteristic feature of the 
ss present invention is mentioned in claims 2 and 6. 

[0009] When the thus determined DC offset coordi- 
nates are subsequently subtracted from the I, resp, Q 
signal values of the original data points, it is evident that 



3 



EP 1 033 852 A1 



4 



also the DC offset will be more accurately removed. 
[0010] Another characteristic feature of the present 
invention is described in claims 3 and 7. 
[0011] In this way, a simple and accurate method for 
detecting and for removing DC offsets from at least one 
burst of received carrier wave modulated signals is ob- 
tained. The offset removing apparatus is thereby also 
adapted for removing DC offset of such bursts, as is de- 
scribed in claim 7. 

[0012] Further characteristic features of the present 
invention are described in claims 4 and 8. 
[001 3] By selecting successive sets and subsets from 
a burst, and by repeating the aforementioned steps on 
subsequent ones of such sets, the accuracy of the de- 
termination of the DC offset can thus be significantly 
increased . Avery simple variant could for instance con- 
sist of performing the fitting operation of a first set of 
samples selected in the beginning of the burst, and on 
a second set of samples selected from the end of the 
burst. By this simple method a jump in the DC offset can 
already be observed. 

[0014] The present invention further also refers to a 
burst mode receiver incorporating such an offset can- 
cellation means, as described in claim 9. 
[0015] The above and other objects and features of 
the invention will become more apparent and the inven- 
tion itself will be best understood by referring to the fol- 
lowing description of an embodiment taken in conjunc- 
tion with the accompanying drawings wherein: 

Fig. 1 represents an offset removing apparatus A 
according to the invention , 

Fig. 2 is an l-Q diagram illustrating the operation of 
the offset removing apparatus, 
Fig. 3 represents a schematic drawing of a direct 
conversion receiver R, includingthe offset removing 
apparatus A of Fig. 1 . 

[0016] The offset removing apparatus A of Fig. 1, 
which is adapted to realise the DC offset removing meth- 
od of the present invention receives a set of digital base- 
band signal value pairs. Each of these pairs, for instance 
the drawn pair Sl,SQ, thereby includes an inphase SI, 
resp. a quadrature SQ, component of a vector of a digital 
baseband signal. For more explanation about how to 
represent such a baseband signal as a complex vector 
in the complex l-Q plane, we refer to the already men- 
tioned prior art UK patent application GB 2 267 629. 
[0017] The apparatus A is only suited to operate on 
digital baseband signals which are such that, if all of 
these inphase, resp. quadrature, component values of 
all vectors of the incoming set of digital baseband sig- 
nals are plotted as I, resp. Q coordinates in such an I- 
Q plane, these are all lying onto a well-known geomet- 
rical figure. This figure may consist of a circle, which is 
for instance the case for GSM Gaussian Minimum Shift 
Keying, abbreviated with GMSK, signals, or for hybrid 
fiber coax quadrature amplitude modulation, abbreviat- 



ed with QAM, signals . Using other modulation schemes 
however, such as carrierless amplitude/phase modula- 
tion, abbreviated with CAP, another geometrical figure 
such as a square may be the case . 

5 [0018] Without any DC offset, this geometrical figure 
is centered around the origin of this l-Q plane. A DC off- 
set in the baseband signals of the set manifests itself 
then as a shift of the center of this geometric figure with 
respect to the origin, as was already explicitly described 

10 for the GSM case in the UK patent number UK 2 267 
629. 

[0019] In general DC offset removing methods basi- 
cally consist of first determining the I and Q coordinates 
of this center point, and subsequent subtracting them 
is respectively from the i and Q coordinates of the data 
points, in order to obtain the corrected DC offset-free 
data signals. 

[0020] The present invention deals with the way to de- 
termine these coordinates. Current methods treat the I 

20 and Q coordinates of each data signal point of the base- 
band signal separately, and basically determine the av- 
erage of the I and Q signal values over a set., in order to 
determine the coordinates of the center point. The sub- 
ject method is a two-dimensional method, considering 

25 the data signals vector, composed of both the I and Q 
coordinates, as one point in the two-dimensional l-Q 
plane. In order to determine the center point of the ge- 
ometrical figure, this geometrical figure is fit through part 
of these data signal points of the set, which do not co- 

30 incide with each other. This part corresponds to a subset 
and contains at least the number of distinct non-coincid- 
ing points necessary to fit the geometrical figure. In the 
case of GSM GMSK modulation, where the data points 
are lying on one circle, this circle is thus fitted through 

3S such a subset of non-coinciding subsequent data points. 
Since a circle may be fitted through at least three non- 
coinciding points, in principle three subsequent non-co- 
inciding points can thus be used for fitting this circle. Re- 
sults of the fitting procedure are the coordinates of the 

^0 center point. As a by-product of this fitting procedure, 
the radius of the circle is also obtained, the value of 
which may be indicative of the power of the data signals. 
[0021] Mathematical procedures of how to fit a circle 
through at least three data points can be found in math- 

45 ematical and statistical text books. A plurality of meth- 
ods exist, as is well known by a person skilled in the art. 
Depending on the desired statistical relevance, more 
than 3 data point can be taken for performing the filling . 
A discussion of which fitting method is to be used with 

so regard to the desired statistical objectives, is however 
lying outside the scope of this document and will there- 
fore not further be discussed in this document. 
[0022] Once the I and Q coordinates of the center 
point are obtained, they can be subtracted from the I, 

55 resp. Q, coordinates of the baseband signal value pairs 
of the set, to thereby obtain the corrected DC offset-free 
baseband signal value pairs. In a further paragraph, 
some refinements with respect to this issue will be de- 
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scribed 

[0023] The offset removing apparatus A as shown in 
Fig. 1 basically performs the mentioned operations. In 
Fig. 1 digital baseband signal value pair from which the 
DC offset is to be removed, is schematically denoted s 
with SI and SQ, the output signal value pair, being the 
corrected DC-offset free digital baseband signal value 
pair, by SI' and SQ* . The offset removing apparatus A 
is further adapted to receive the set of digital baseband 
signal value pairs from which SI and SQ forms part. The 
DC offset calculation, consisting of first determining the 
subset of this set, and subsequently performing a two- 
dimensional fitting on it, to thereby obtain the center 
point coordinates, is performed in the calculation means 
CCM included in the offset removing apparatus A. The 
output signal of this calculating means consists of the 
coordinates of this center point, denoted with ICP1 and 
QCP1 in Fig. 1 . The latter are provided to a subtracting 
means SM included in the offset removing apparatus A, 
which principally subtracts them from the original I and 
Q signal value pair SI and SQ, to thereby provide the 
corrected signal pairs of the set, denoted as SV and SQ' . 
These are provided then as an output signal value pair 
of the offset removing apparatus A. This operation can 
be performed on ail digital baseband signal value pairs 
of the set. 

[0024] Subsequent sets or subsets of such input data 
may lie however on different ones of such predeter- 
mined figures. This is for instance shown in Fig. 2, show- 
ing the complex l-Q plane, with the digital baseband sig- 
nals S1 to Si+3 represented as complex vectors in this 
plane. The I and Q coordinates of each of these vectors 
thus corresponds to the inphase, resp. the quadrature 
signal value of this digital baseband signal vector The 
input signals SI and SQ of figure 1 can thus correspond 
to the I and Q coordinates of any of these samples. 
[0025] In Fig. 2 samples S1.S2.S3, S4 to Si-2,Si-1 
and Si are all lying on one common circle C1 with center 
point CP1 . Samples Si+1 , Si+2 and Si+3 are all lying on 
a second circle, denoted C2, and having center point 
CP2. All these data samples are however received by 
the offset removing apparatus A. In a GSM application, 
these data samples may consist of the digital baseband 
signals of one or more bursts. In general such a burst 
may contain n samples SI to Sn. In Fig 2 it is assumed 
that samples SI to Si of one burst lie on the first circle 
CI, whereas samples Si+1 to Sn (not drawn on the fig- 
ure) are lying on the second circle C2. This situation can 
for instance occur in these GSM applications due to spu- 
rious high blocking signals self-mixing. These high 
blocking signals, having an amplitude, which may ex- 
ceed the amplitude of the data signal with even 80 dB. 
leak from the antenna to the local oscillator input of the 
mixers of the receiver. At the output of the mixers them- 
selves this signal can then appear as a DC offset signal. 
These blocking signals correspond to random access 
burst from neighbouring GSM terminals. With the in- 
crease of GSM penetration, the probability of occur- 



rence of such high blocking signals will also increase. 
[0026] In the worst case situation i=n/2 with respect 
to prior art averaging methods, these high blocking sig- 
nals thus appear in the middle of a burst, and affect the 
second half of the samples of the burst. 
[0027] In case all n samples of such a burst are used 
for fitting one circle, it is obvious from Fig. 2 that a com- 
pletely wrong center point will be found. It is therefore 
necessary, in order to track this varying DC offset during 
one burst, to perform the circle fitting several times, on 
several sets of data included in the burst. 
[0028] If there are no frequency errors between the 
sender and the receiver, the samples belonging to one 
circle are lying on one of the four quadrant points on a 
circle for GSM GMSK modulation schemes as is well 
known by a person skilled in the art. Due to noise in the 
transmitter and receiver, and slight variations in the DC 
offset itself, these points will in fact compose a cloud of 
points around these four quadrant points. In order not 
to overbad the figure this cloud is however not drawn. 
[0029] In Fig. 2 it is supposed that subsequent sam- 
ples S1.S2 and S3 are supposed to be non-coinciding 
and are therefore lying on a different quadrant point at 
this circle, as shown on this figure. Circle C1 can already 
be fitted through these 3 points. From the result of the 
fitting, the I and Q coordinates, denoted Id and Qc1 , of 
center point CP1 are determined, and these can accord- 
ingly be subtracted from the coordinates of S1 ,S2,S3 to 
obtain the DC offset-free values of the data signals 
S1.S2 and S3. 

[0030] In order to track the varying values of the DC 
offset, this exercise can be repeated on the following 
three samples, or even on the next subset of three suc- 
ceeding samples such as S2.S3 and S4. By the latter 
procedure, the DC offset is tracked in the most sensitive 
way. However, more points may be taken for fitting the 
circle, dependent on the desired statistical relevance. A 
trade-off thus exists between the sensitivity in detecting 
DC offset changes, and statistical relevance of the fit. 
[0031] As is shown in Fig. 2, the DC offset suddenly 
changes from sample Si to Si+1 . This represents itself 
by a sudden jump from the received data points from 
the first circle C1 to the second circle C2. It is supposed 
in Fig. 2 that from then on, the remainder of the data 
signals from the received burst will substantially have 
this DC offset. 

[0032] Following the described methodology where 
subsequent sets of 3 succeeding samples are used for 
performing the circle fitting, the circle fitted through data 
samples Si-2, Si-1, and Si will still substantially corre- 
spond to circle C1 with center point CP1. Fitting however 
through samples Si-1, Si and Si+1, will result in a com- 
pletely different circle (not drawn on Fig. 2) . This will 
also be the case for the circle through data samples Si, 
Si+1 and Si+2. The circle C2 with center point CP2, 
center point coordinates lc2 and Qc2, through Si+1, 
Si+2 and Si+3 will again be different. But all subsequent 
fitted circles will then again correspond to circle C2. 
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[0033] In case the obtained center point coordinates 
are subtracted immediately from the samples through 
which the fitted circle was obtained, the aforementioned 
methodology will yield three subsequently different cor- 
rected values. For the previous example where Si forms 
part of circle C1 , the not drawn circle through Si-1 ,Si and 
Si+1 , and the not drawn circle through Si, Si+1 and Si+2 , 
thus three different correction values for Si will be ob- 
tained whereby only the first one is correct. In the case 
whereby the method continuously corrects each point 
with the latest obtained DC offset, an error can thus oc- 
cur. This error however only affects three points, or the 
number of points used for fitting the circle. But even this 
error can be eliminated by performing for instance a 
post-processing operation on the subsequent obtained 
center points. This allows to first detect the change in 
the DC offset, after which step the correct center points 
can be determined, based on the fact that DC offset due 
to high blocking signals self - mixing remains constant 
for the rest of the burst. Once the two center points are 
then localised, the corresponding circles can be retrofit- 
ted, from which it will become clear which sample is lying 
on which circle. Once this is known, the correct subtrac- 
tion can take place. 

[0034] It is evident that the latter method requires 
however a lot of extra processing. It will therefore de- 
pend on the application whether this large accuracy is 
needed, or whether it is allowed to have a smaller ac- 
curacy, allowing more samples to be corrected in the 
wrong way, but increasing the bit-error-rate. 
[0035] Other procedures may of course be used, 
thereby artificially dividing the data of a burst in an arti- 
ficial number of sets, for instance 2 or four, and then 
performing circle fittings on these sets or on subsets of 
them. In this case it is not a priori known whether all 
samples of such a set belong to one common circle, this 
detection is performed afterwards, after which step cor- 
rected sets can be determined. 

[0036] In order to perform this extra processing, both 
the computation means CCM, as well as the subtracting 
means SM need to include enough memory to tempo- 
rarily store the data points of one burst. In addition a 
post-processing means is to be included in the compu- 
tation means (not shown in Fig. 1 ) , for performing the 
above mentioned operations on successive values of 
the determined center points. 

[0037] In addition, depending on the chosen variant 
of the method, the computation means has to deter- 
mine, from the incoming samples of one burst, the sets, 
and the subsets from the sets, for fitting the circle 
through. For determining of the subset, a discrimination 
algorithm can be used relying on the fact that 3 samples 
of such a subset need to differ by a prodotermincd rel- 
ative or absolute difference in value. Once such a subset 
is determined, a circle fitting procedure may be used for 
obtaining the circle through this subset. 
[0038] How to realise such circuits and all mentioned 
variants is generally known by a person skilled in the art 



and will therefore not be described in more detail in this 
document. A suitable embodiment for implementing 
these described functions consists of a digital signal 
processor, which may be programmed for realising the 

s desired functionality or algorithm. 

[0039] A burst mode direct conversion receiver R in- 
cluding an offset removing apparatus A according to the 
invention is shown in Fig. 1. Therein a receiver for a 
GSM application is shown, but the offset removing ap- 

io paratus of the invention may as well be part of other di- 
rect conversion receivers such as for instance used in 
hybrid fiber coax applications. The GSM receiver of Fig. 
1 includes well-known parts such as a receive means, 
in GSM applications consisting of an antenna ANT, for 

15 receiving analog signals which each correspond to a 
digital signal modulated on a high frequency carrier. The 
receive means is coupled to an input of a low noise high 
frequency amplifier LNA. An output of LNA is coupled 
to a demodulating means DEMO of the direct conver- 
ge sion type which converts the received analog high fre- 
quency signal from the high frequency carrier band to 
the baseband (0 Hz). In the drawing of Fig. 1 an embod- 
iment of this demodulating means for GSM applications 
is shown and is composed of two mixers MIX1.MIX2 

2S which receive the output signal from the LNA as well as 
a local oscillator signal or this local oscillator signal shift- 
ed by 90 degrees. This local oscillator signal and its 90 
degrees phase shift signal are respectively provided by 
a local oscillator LOand by a phase shift means denoted 

30 90 °. Due to leakage at the antenna, unwanted or par- 
asitic signals are also input to the mixer, which accord- 
ingly transforms them also into a baseband DC compo- 
nent. How this occurs, even for input signals at a differ- 
ent frequency than the carrier frequency of the local os- 

35 cillator, is explicitly stated in the published European 
Patent Application, publication number EP 0594894 A1 , 
on page 8. 

[0040] This unwanted DC baseband component is 
thus the DC-offset, which is to be compensated since 
40 further processing of the DC baseband signal would oth- 
erwise lead to serious errors. 

[0041] The output signal of the mixers consists of a 
set of two demodulated analog signal parts, one corre- 
sponding to a so-called inphase channel, the second 

45 corresponding to a so-called quadrature channel. These 
inphase and quadrature analog channels are then fil- 
tered in the lowpass filters LPF1 and LPF2, and further 
undergo an analog-digital conversion in respective A-D 
converters ADC1 and ADC2. The output signal of ADC1 

50 then consists of a digital inphase baseband signal, de- 
noted with SI, the output signal of ADC2 of a digital 
quadrature baseband signal, denoted with SQ. 
[0042] Both digital signal components are thon further 
processed into a baseband circuit, denoted BBC. In 

55 general this circuit consists of a digital signal-processing 
unit, of which the offset removing apparatus forms one 
part. In order to however distinguish the latter function, 
the offset removing apparatus A is drawn as a separate 
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device from the further digital signal-processing unit FD- 
SR 

[0043] The corrected data values, denoted with SI' 
and SQ' are then delivered to the further digital signal 
processing unit, denoted FDSP. which thereon performs 
additional processing related to equalisation , and other 
function depending on the specific application. This final 
processed information is then input to a D-A converter 
DAC, which subsequently forwards the analog signal to 
an output, means, consisting of a loudspeaker LS in 
case of a GSM receiver. 

[0044] In other receivers according to the invention, 
not all o1 the above mentioned functions that are related 
to GSM may be necessary. However the offset removing 
apparatus and the principles of operation of it, can still 
be applied. 

[0045] While the principles of the invention have been 
described above in connection with specific apparatus, 
it is to be clearly understood that this description is made 
only by way of example and not as a limitation on the 
scope of the invention, as defined in the appended 
claims. 



Claims 

1. Method for removing DC offset from a digital base- 
band signal value pair included in a set of digital 
baseband signal value pairs, each pair of said set 
being made up of an inphase signal value and a cor- 
responding quadrature signal value such that, if 
plotted on an l-Q diagram with the inphase signal 
value of each pair denoting distance of a plotted 
point from a Q-axis and the quadrature signal value 
of that pair denoting distance of that plotted point 
from an l-axis that is orthogonal to said Q-axis, the 
plotted points would lie substantially on a predeter- 
mined geometrical figure in the plane formed by 
said l-axis and said Q-axis, said method including 
a step of determining said DC offset, followed by a 
subsequent step of subtracting said DC offset from 
said digital baseband signal-value pair, and deliver- 
ing the resulting signal value pair as an output sig- 
nal, 

characterized in that, said DC offset is deter- 
mined as the I and Q coordinates of a central point 
of said predetermined geometrical figure by a two- 
dimensional fitting of said predetermined geometri- 
cal figure through a subset of signal value pairs in- 
cluded within said set of digital baseband signal-val- 
ue pairs. { 

2. Method according to claim 1 

characterized in that said step of subtracting 
consists of subtracting from the inphase signal val- 
ue of said digital baseband signal-value pair, said I 
coordinate of said central point, and of subtracting 
from the quadrature signal value of said digital 



10 

baseband signal-value pair, said Q coordinate of 
said central point, the resulting inphase and quad- 
rature values thereby constituting said output sig- 
nal. 

3. Method according to claim 2 
characterized in that 

said digital baseband signal value pairs of said 
set correspond to at least part of the digital 
baseband signal value pairs from at least one 
burst of a carrier wave modulated signal, 
said subset thereby includes at least as many 
substantially distinct signal value pairs, as re- 
quired to fit said geometrical figure. 

Method according to claim 3 
characterized in that 

said method includes a step of determining 
from said at least one burst, subsequent ones 
of said sets, 

said method is repeated on said subsequent 
one of said sets. 

Offset removing apparatus (A) for removing DC off- 
set from a digital baseband signal value pair includ- 
ed in a set of digital baseband signal-value pairs, 
each pair of said set being made up of an inphase 
signal value and a corresponding quadrature signal 
value such that, if plotted on an l-Q diagram with 
the inphase signal value of each pair denoting dis- 
tance of a plotted point from a Q-axis and the quad- 
rature signal value of that pair denoting distance of 
that plotted point from an l-axis that is orthogonal to 
said Q-axis, the plotted points would lie substantial- 
ly on a predetermined geometrical figure in the 
plane formed by said l-axis and said Q-axis, said 
offset removing apparatus (A) including calculating 
means (CCM) adapted to determine said DC offset, 
said offset removing apparatus further including a 
subtracting means (SM) coupled to said calculating 
means (CCM) and being adapted to receive the in- 
phase, resp. quadrature signal value of said digital 
baseband signal-value pair of said set and to sub- 
tract said DC offset from said digital baseband sig- 
nal value pair, and to deliverthe resulting signal val- 
ue pair as an output signal value pair to an output 
terminal of said apparatus (A), 

characterized in that, said calculating means 
(CCM) is adapted to determine said DC offset as 
the I and Q coordinates of a central point of said 
predetermined geometrical figure by a two-dimen- 
sional fitting of said predetermined geometrical fig- 
ure through a subset of signal value pairs included 
within said set of digital baseband signal value 
pairs. 
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Offset removing apparatus (A) according to claim 5 
characterized in that said subtracting means 
(SM) is further adapted to receive said l-coordinate, 
resp. saidQ-coordinate, of said centra! point and to 
subtract from said inphase, resp. said quadrature, 
signal value, said l-coordinate, resp. said Q-coordi- 
nate of said central point, and to deliver the resulting 
inphase, resp. quadrature signal value, as said out- 
put signal value pair of said offset removing appa- 
ratus (A). 

Offset removing apparatus (A) according to claim 5, 
characterized in that 
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said I -axis and said Q-axis, said burst mode receiv- 
er further includes an offset removing apparatus 
which is coupled to said analog-digital conversion 
means (ADC1 ,ADC2), said burst mode receiver (R) 
further including additional baseband processing 
means (FDSP) coupled to said offset removing ap- 
paratus (A) and adapted to further process output 
signals of said offset removing apparatus (A) 

characterized in that said offset removing ap- 
paratus circuit is further adapted as described in 
claims 5 to 8. 



said digital baseband signal-value pairs of said 
set correspond to at least part of the digital 
baseband signal value pairs from at least one 
burst of a carrier wave modulated signal, 
said offset removing apparatus (A), said calcu- 
lation means and said subtraction means there- 
by being adapted to receive said digital base- 
band signal value pairs from said at least one 
burst, 

whereby said subset includes at least as many 
substantially distinct signal value pairs : as re- 
quired to fit said geometrical figure, 
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20 



25 



Offset removing apparatus (A) according to claim 7 
characterized in that 

said calculation means (CCM) is further 
adapted to determine from said at least one burst, 
subsequent ones of said sets and to repeat said 
two-dimensional fitting on said subsequent ones of 
said sets. 

Burst mode receiver (R) including a receive means 
(ANT) adapted to receive at least one burst of an 
analog carrier wave modulated signal, said burst 
mode receiver further including demodulating 
means (DEMO) coupled to said receive means and 
adapted to demodulate said analog carrier wave 
modulated signal into two orthogonal analog base- 
band signals, said burst mode receiver further in- 
cluding analog-digital conversion means 
(ADC1 , ADC2) coupled to said demodulating means 
(DEMO) and adapted to perform an analog-digital 
conversion on said two orthogonal analog base- 
band signals so as lo provide at least one set of dig- 
ital baseband signal-value pairs, each pair being 
made up of an inphase signal value and a corre- 
sponding quadrature signal value such that, if plot- 
ted on an l-Q diagram with the inphase signal value 
of each pair denoting distance ol a plotted point 
from a Q-axis and the quadrature signal value of 
that pair denoting distance of that plotted point from 
an l-axis that is orthogonal to said Q-axis, the plot- 
ted points would lie substantially on a predeter- 
mined geometrical figure in the plane formed by 
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